The Malaysian Institute of Road Safety Research has embarked on the development of a fixed-based driving simulator that can be reconfigured easily to suit various road safety research requirements. The objective of this study is to measure driver distraction in terms of participants' response time for different road conditions and secondary tasks using a driving simulator. Three different simulation routes were designed in the study-expressway, off-ramp, and curved road. Thirty participants took part in the study. Two types of detection response task were used in the study-tactile and visual. Recall number, surrogate reference task, navigation, and texting were used as secondary tasks. The results showed that in terms of road segments, both types of detection response task were found to be sensitive; longer response times were observed for more demanding off-ramp and curved road sections when compared with expressway. Furthermore, for secondary tasks, the participants took longer to respond to both stimuli, particularly for the more difficult task followed by an easier task. In general, response times increased as a function of road segments as well as exposure to secondary tasks.
INTRODUCTION
In 2012, 6,917 fatalities were recorded in Malaysia due to road crashes, with an average of 18 people killed every day [1] . This is not only happening in this country but also worldwide, as road traffic injury is the eleventh leading cause of death, and over one million people are killed every year in road crashes [2] . A previous study showed that human errors are the major contributing factor in approximately 90% of road traffic accidents [3] ; driver distraction is a significant contributor to road traffic accidents [4, 5] . Naturalistic driving studies have demonstrated that drivers have a tendency to spend a vast amount of driving time doing secondary tasks. According to research, approximately 23% of all crashes and near-crashes were caused by distraction due to secondary tasks [6] . Driving performance begins to deteriorate when drivers fail to allocate sufficient attention to the driving task at critical moments, because they are engaged in another task, thereby resulting in an impairment of the ability to drive safely and effectively [7, 8] . One of the prominent tools to study human-related issues specifically for driver distraction is a driving simulator. It is able to simulate a virtual driving environment and resemble real driving conditions [9] [10] [11] . The advantages of using a driving simulator as compared to a real road experiment is that the former provides a controlled and repeatable environment, is safer, and less expensive [12] . The objectives of this study are to measure driver distraction in terms of participants' response time in different road conditions and engagement in secondary tasks using a driving simulator. The study was part of international coordinated studies under ISO TC22/SC13/WG8, which aims to support the ongoing development of the new ISO 17488 document [13] .
METHODOLOGY Participants
The 30 participants (15 female, 15 male) who participated in this study were all righthanded drivers without any specific knowledge of or expertise in the study. Their ages ranged from 25 to 45 years, with an average of 33.67 years. All participants agreed to participate in the study as volunteers after reading and signing a consent form detailing the purpose and proceedings of the study. They were all licensed drivers and had, on average, driven approximately 27,690 km a year. The average driving experience of all participants was 10.73 years, and they were able to drive automatic transmission cars. Participants were given RM 200.00 for their full commitment to the study.
Driving Simulator
The MIROS Driving Simulator Cabin (CabinDS) was used in this study. The platform for the simulator was a second generation Perodua Myvi 1.3L. The main components of the integrated system of CabinDS are steering wheel, pedals, transmission, full car cabin, LCD projector and screen, computer, simulation software, video camera, and sound system. The overview of the integrated system of CabinDS is depicted in Figure 1 . Scaner Studio was used as the simulation software in the development of the scenarios. It is a comprehensive driving simulation software package that comprises five main modes, which are Vehicle, Terrain, Scenario, Simulation, and Analysis. Three different roadways were designed in the simulation study-expressway, off-ramp, and curved road. An overview of the designated scenario of the simulation is depicted in Figure 2 . 
Detection Response Task
Detection Response Task (DRT), previously known as the Peripheral Detection Task, is one of the methods for measuring driver distraction [14] . The task is employed for measuring the effects of the demands of driving and engaging in secondary tasks on driver attention, particularly in the context of driver and vehicle interface evaluation [15] . Two types of DRT were used in the study-tactile and head-mounted. The stimuli were randomly presented at temporal intervals and were uniformly distributed. In the head-mounted type, the visual stimulus was presented by utilizing a single LED attached to the head. For the tactile type, a tactile stimulus was presented by using a small electrical vibrator [16] . The vibrator was placed on the driver's shoulder using medical tape. Participants were required to respond by pressing a microswitch attached to the right index finger [17] . The response was made by pressing the switch to the steering wheel.
Secondary Tasks
Four secondary tasks were employed in this study-recall number, surrogate reference, navigation, and texting using mobile phone. The Auditory Presentation-Verbal Response Delayed Digit Recall Task (n-back) was used for the secondary tasks. It consists of auditory stimuli that the driver listens to and repeats following the specific rules. The respondents were presented with two levels of difficulty with easy (0-back) and hard (1-back) levels of secondary cognitive workload. The protocols on trainings and the experimental administration of the auditory presentation closely followed that suggested by the Massachusetts Institute of Technology (MIT) AgeLab [18] . The surrogate reference task, using the visual task program was used as the secondary task. In this task, circles are presented on a screen and participants use a keypad to choose the section of the screen with the larger circle. Two types of conditions were used: easy and difficult [19] . The task setup is illustrated in Figure 3 . A navigation task also was employed as one of the secondary tasks. This secondary task was conducted since it is one of the sources of driving distraction [20] . An external Global Positioning System (GPS) was secured in the driving simulator using a suctioned holder designed for the system. Two addresses were provided on a sheet of paper that was secured to the dashboard. All addresses contained the same number of letters and numbers. Participants were asked to input these addresses using the touch screen of the GPS system. Texting using mobile phone also was also employed as a secondary task. This task was conducted since it is one of the main sources of driving distraction [21] . A mobile phone was placed inside the simulator. Participants were asked to reply to a series of Short Messaging Service messages using the WhatsApp application installed in the smartphones while they were driving. There were a total of three incoming messages per trial. Participants were instructed to respond to all three messages, but were not given any instructions on when to respond nor what to write in response. They were required to drive at two different speeds of 30 km/h (low speed) and 80 km/h (high speed).
Procedure
The implementation of the procedure required approximately one day (9.00 am to 5.00 pm) to be completed by a participant. Before participants conducted the actual experiment session, they were required to fill out the consent form and personal details. They were given a brief overview of the experiment, its expected duration, experiment procedure, and safety. Their sickness level was also assessed before and after driving the simulator. There were 14 sub-sessions for the training session. The training session was required for the participants to familiarize themselves with each task before going in to the actual experiment session. There was no time limit given. Each training session was stopped when the participants felt comfortable and confidence. During the actual Surrogate reference task experiment session, each participant was required to complete the entire task and they could stop the experiment without any coercion. In each task session, participants were given approximately five to ten minutes to rest. The experiment was conducted on three different roads-expressway, off-ramp, and curved roads. When all the experiment tasks were completed, the participants were interviewed on their experience of the driving session in the specific room. Then, the participants were thanked and given consolation money for participating in the experiment.
Data Analysis
The results obtained were analysed using Analysis of Variance (ANOVA) with post-hoc tests using the Least Significant Difference (LSD) method to compare the means of three categories of road types and secondary tasks. All the statistical analyses were performed using Statistical Package for Social Science (SPSS) version 16.0. Significance levels are reported at p < 0.05, p < 0.01, and p < 0.001 in each respective graph.
RESULTS AND DISCUSSION

Road Segment
As illustrated in Figure 4 , the same pattern of response time across the three road segments was displayed for both detection response task versions. The response time differed significantly across the three road sections for both tactile (F (2, 87) = 7.33, p = 0.001) and head-mounted tasks (F (2, 87) = 3.74, p = 0.028). LSD post-hoc comparisons of the three road segments indicate that the off-ramp recorded significantly higher response time than the expressway for both detection response tasks and the curved road for tactile type only. This shows that driving in more challenging road segments requires excessive cognitive demand. The strong sensitivity to environment complexity is aligned with the studies conducted by Engstrom et al. [22] and van Winsum et al. [17] , although these studies assessed different level of road segmentscity driving, expressway, and rural roads. igure 4. Response times for expressway, off-ramp, and curved road segments (mean ± standard error).
Curved road
Secondary tasks for tactile type
There was a significant effect of response time in the secondary tasks (F (7, 272) = 12.46, p < 0.001). As illustrated in Figure 5 , longer response times were observed for all secondary tasks when compared with the baseline. Only the difficult task for 1-Back was found to be significantly longer than the easier task (0-Back). This can be generally explained by the fact that 1-back has a greater working memory load than 0-back [13] . No other comparisons were significant. Figure 5 . Response times of secondary tasks for tactile type (mean ± standard error).
Secondary tasks for head-mounted type
Analysis using ANOVA revealed that the response time differed significantly across the secondary tasks (F (2, 272) = 14.2, p < 0.001). Further post-hoc comparisons using the LSD revealed that response times were significantly longer than baseline when any additional task was performed while driving, as indicated in Figure 6 . Furthermore, in terms of the number recall task, response times were significantly longer for the more difficult 1-back task than those for the 0-back task. Comparisons between two levels of difficulty for the surrogate reference task and texting using mobile phone task showed no significance (p > 0.05). This is consistent with the findings from multisite ISOcoordinated studies not only for head-mounted type but also for tactile type [13] . Generally, when comparing between both DRT types for all tasks, lower response time-that is, faster responses-were recorded for tactile type than headmounted type. This was expected as tactile uses tactile sense that inherently has a faster response time than head-mounted type that uses visual sense; this is consistent with previous studies [19] . Furthermore, both DRT types that are mainly intended to measure effects of cognitive load of a secondary task on attention have been validated through multisite ISO-coordinated studies [13] . 
CONCLUSIONS
In summary, the results reveal that response times generally increased as a function of road segments as well as exposure to secondary tasks. The findings obtained from this study can provide recommendations for the working group committee ISO/TC22/SC13/WG8 in finalizing the final ISO 17488 document. In addition, it can also be used as part of a public awareness campaign on driver distraction activities, particularly on issues related to texting while driving and interaction with an In-Vehicle Information System (IVIS). As a way forward, we propose to expand the existing DRT assessment to other secondary tasks that may distract drivers during driving and explore the feasibility of utilizing the DRT for motorcycle riding in a simulated environment.
